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Chapter 1 Introduction 
Japanese Black cattle are particularly characterized by a higher percent of marbling 
and lower fat melting points than are observed in adipose tissue of other breeds (Lunt et 
al., 1993, Zenbayashi, 1995; May et al, 1993). Beef with a lower fat melting point 
suggest a higher percent of monounsaturated fatty acids (MUFA) in the intramuscular 
fat (IMF) (Yang et al., 1999a; Wood et al., 2004; Platter et al., 2003), contributing to a 
desirable flavor. Besides advances on the acceptability and palatability, fatty acid 
composition of beef products may play an important role in health.  
Fat content and fatty acid profiles in beef products refer to chemically extractable 
fat in muscle, predominantly deriving from intramuscular adipocytes. Previous reports 
have pointed out that gene expressions related to lipid metabolism have great effects on 
fat content (Li et al., 2010; Zhao et al., 2009). Therefore, special attention is necessary 
to turn towards relevant genes. Up till now, the methods for the identification of cattle 
with high or low MUFA and other carcass qualities without slaughter are yet difficult, 
although it is advisable to produce beef with a high marbling and high MUFA level. 
To investigate the stimulation effect of live plasma on expression profiles of 
adipogenesis-related genes and its predicting role in the carcass qualities before 
slaughter, bovine intramuscular preadipocyte (BIP) cells (Aso et al. 1995) were induced 
to differentiate by treating with adipogenic medium containing bovine plasma taken 
from fattening stage. Subsequently, attention was turned towards the correlation 
analysis among specific plasma components, fat content and fatty acids composition at 
slaughter and adipogenesis-related gene expression levels. 
 
Chapter 2 Stimulation effect of plasma samples from fattening cattle on 
adipogenesis-related gene expression in preadipocyte cells  
For beef industry in Japan, it is advisable to produce beef products with a high 
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marbling and high percent of unsaturated fatty acids (UFA). However, the method to 
predict the fatty acid composition of intramuscular fat and to identify cattle with high 
levels of UFA in fat prior to slaughter is still to be developed. Moreover, the 
accumulation of fat and alteration of fatty acid profiles in beef is a complex biological 
process related with genetic background, development (mature body size) and nutrition 
of an animal, maintained by unique molecular signaling pathways (Kirkland JL et al. 
1997; Pethick DW et al. 2004; Wang YH et al. 2005). BIP cells, derived from the 
longissimus muscle in Japanese Black Cattle, are in vitro model for the study on 
mechanisms regulating fat deposition and metabolism in beef cattle, due to the 
differences of lipid metabolisms between ruminants and non-ruminants, as well as 
adipogenesis-related factors vary with animal species in vitro (Aso et al. 1995; 
Yamasaki et al 2006; Sanosaka et al. 2008).  
In this study, the confluent BIP cells were induced in the differentiation medium 
for 8 days followed by the detection of lipid droplets using Oil-red O staining. Total 
RNA was extracted from the cells on 0d, 2d, 4d, 6d, 8d for detecting expression levels 
of genes involved in adipogenesis. 
The results showed that BIP cells cultured in vitro were proliferative with a spindle 
shaped fibroblastic morphology (Fig.1A, B). On 8 day of adipogenic stimulation, a 
large amount of lipid droplets were observed near the nucleus of the induced BIP cells 
with a red color after Oil red O staining (Fig.1C, D), while no lipid droplets under 
non-adipogenic conditions. Compared with no obvious changes in growth medium, the 
dramatic increases in peroxisome proliferator-activated receptors-γ (PPAR-γ) and 
CCAAT/enhancer binding protein δ (C/EBP-δ) were detected after 2d of induction 
(Fig.2). PPAR-γ reached a peak at 2d, decreased greatly on 4d, and then remained a 
slight growth (Fig.2). Expression level of C/EBP-δ was peak at 4d, down-regulated 
signigicantly at 6d, and kept a steady increase subsequently (Fig.2). However, sterol 
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regulatory element binding protein-1 (SREBP-1) maintained a steady declining level 
without significant differenences between the control group and the experiment group 
treated with differentiation medium (Fig.2). Genes involved in fatty acid synthesis 
including fatty acid synthase (FASN) and stearoyl-CoA desaturase (SCD) were showed 
a tendency to ascend first, descend later and ascend last, presenting their peaks on 8d 
(Fig.3). Adipocyte fatty acid binding protein (aP2) exhibited an expression profile 
similar to that of fatty acid translocase (FAT/CD36) during the early and middle stages 
of differentiation, showing a rapid increase on 2d and a marked reduction on 4d (Fig.4). 
In the terminal differentiation, aP2 was found to gradually up-regualte, reaching a 
maximum value of aP2 on 8d (Fig.4). On the other hand, the expression level of CD36 
continued a slight rise and kept a stable level (Fig.4). A little drop could be seen in the 
expression level of one of the fatty acid translocase, fatty acid transport protein-1 
(FATP-1) (Fig.4).  
These results indicated that trans-activation events seemed to be active in the early 
stage of adipocyte differentiation, while fatty acid synthesis and trans-membrane 
activities play a more important role in the middle and the terminal stage of 
differentiation. Moreover, 8 days of exposure to the plasma samples was chosen for 
later experiments based on the maximal levels of most adipogenesis-related genes on 
day 8 after adipogenic stimulation. 
 
Chapter 3 Correlation effect of bovine plasma components taken at slaughter on 
the fatty acid composition of diaphragm fat   
Beef with a lower fat melting point suggest a higher percent of monounsaturated 
fatty acids (MUFA) in the fat (Yang et al., 1999a; Wood et al., 2004; Platter et al., 2003), 
contributing to a desirable flavor. As the gene responsible for conversion of SFA into 
MUFA, SCD were reported to determine fatty acid composition in bovine fat tissue 
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(Taniguchi et al., 2004a; Ohsaki et al., 2009). Early studies demonstrated that 
differences in MUFA content could be attributed to SCD enzyme activity (Yang et al., 
1999b) or SCD mRNA level (Taniguchi et al., 2004b) in bovine fat tissue. To explore 
the possible linkage of plasma contents with the fatty acid composition of diaphragm fat, 
we measured the adipogenesis-related gene expressions in BIP cells after 8 days of 
stimulation with the bovine plasma and correlated mRNA expressions with the ratio of 
unsaturated fatty acids to saturated fatty acids (US/S) in the diaphragm fat at slaughter.  
Contrary to the expectation, none of the adipogenesis-related gene expressions in 
BIP cells induced by differentiation medium containing 5% bovine plasma sample taken 
at slaughter and 5% FBS samples correlated with US/S in the diaphragm fat in the 65 
bovine samples (Fig. 5). Additionally, the correlation results showed no differences with 
regard to the effect of sex (data not shown). However, the 12 bovine plasma samples 
with the highest US/S in diaphragm fat (sample numbers 54–65 in Table 1), had 
significantly higher expression levels for aP2 and SREBP-1 in BIP cells, compared with 
the 12 bovine plasma samples with the lowest US/S in the diaphragm fat (sample 
numbers 1–12 in Table 1) (Fig. 6). Moreover, all genes presented significantly higher 
levels in the six plasma samples with the highest diaphragmatic US/S (sample numbers 
60–65 in Table 1) (Fig. 6). These findings confirmed the possibility that the expression 
of SCD, aP2, PPAR-γ and SREBP-1 in BIP cells treated with the appropriate plasma 
may be able to discriminate cattle with low or high US/S from a population of fattening 
cattle.  
However, further analysis revealed an inverse correlation between the plasma 
NEFA content and the diaphragmatic US/S (Fig. 7). Furthermore, the plasma NEFA 
levels in 12 samples with the lowest diaphragmatic US/S (sample numbers 1–12 in 
Table 1) were significantly higher than those of 12 samples with the highest 
diaphragmatic US/S (sample numbers 54–65 in Table 1) (Fig. 8). A similar result was 
105
 5 
observed in terms of 6 samples with the lowest diaphragmatic US/S (Fig. 8). In the case 
of US/S, an increase in SREBP-1 expression can indicate the elevated US/S level 
measured at slaughter (Table 2). Based on the detail measurement of the individual fatty 
acids in 65 sample plasma, many individual saturated and unsaturated fatty acids had 
significantly negative correlation with diaphragmatic US/S (Table 3). Data in this study 
indicate that cattle with low US/S in intramuscular fat may be identified by examining 
the plasma NEFA level and the levels of related saturated and unsaturated fatty acids. 
 
Chapter 4 Predicting effect of plasma samples from fattening cattle on carcass 
qualities before slaughter  
Evaluation of carcass quality is easily obtained, however, information on it is yet 
difficult to predict prior to slaughter. With regard to the prediction of carcass 
characteristics and composition in live animals, the application of ultrasound technology 
(Smith et al., 1989) as well as visual appraisal (Smith et al., 1989) to date has been of 
limited value due to the questionable practicality, high cost, subjectivity and rare 
application in fatty acid composition. Therefore, considerable effects should be made to 
develop a more accurate and easily applied approach for classifying cattle with 
excellent meat quality before slaughter. The present study is aimed to assess the 
feasibility of the predictive method of carcass qualities by the application of live bovine 
plasma at the fattening stage. 
With the exception of SCD mRNA level in BIP cells, Beef marbling standard 
(BMS) at slaughter had the highly positive association with the expression level of aP2, 
SREBP-1 and PPAR-γ in BIP cells induced by the differentiation medium containing 
2.5% live plasma, 7.5% FBS instead of 10% FBS, respectively (Fig.9). US/S in 
longissimus muscle at slaughter was positively affected by expression level of SREBP-1 
in BIP cells (Fig.10), but not with SCD, aP2 or PPAR-γ mRNA level in BIP cells 
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(Fig.10). The measurement of the individual fatty acids in 47 longissimus muscle 
revealed the positive correlations between the contents of many unsaturated fatty acids 
in longissimus muscle and SREBP-1 in BIP cells (Table 5), as well as the inverse 
association between the concentrations of several saturated fatty acids in longissimus 
muscle and SREBP-1 in BIP cells (Table 5). 
To identify a plasma composition linked with carcass traits, amounts of several 
metabolites were determined in plasma samples. All gene expressions detected in BIP 
cells in this study were irrelevant to the plasma glucose concentration taken from 22 
months (Fig.11). Plasma NEFA concentration was negative with PPAR-γ level at the 
end of adipogenic stimulation (Fig.12), on the other hand, plasma VA level in 22 months 
showed the negative relationships with the increase in aP2 and PPAR-γ (Fig.13), 
respectively. Despite no clear correlations between live plasma contents and US/S of 
longissimus muscle at slaughter (Fig.15), a negative correlation of plasma NEFA level 
in 22 months with BMS at slaughter was observed (Fig.14). Furthermore, the 
subsequent measurement of the individual fatty acids in 47 longissimus muscle 
confirmed the positive associations of plasma glucose and NEFA level in 22 months 
with some unsaturated fatty acids, as well as the negative correlations of plasma glucose 
level in 22 months with some saturated fatty acids (Table 6). Thus, these results 
suggested the capability of live plasma concentrations to evaluate carcass fat contents 
and fatty acid concentrations prior to slaughter. 
 
Chapter 5 Conclusion  
To produce beef with a high carcass quality and to develop a new predictive 
method based on live sampling at the fattening stage, this study focused on the 
stimulation effect of bovine plasma on adipogenesis-related gene expressions during the 
differentiation of BIP cells and the potential predicting role in fat content and fatty acid 
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profiles in intramuscular fat before slaughter. In conclusion, the present study has 
demonstrated 
1. The trans-activation events are involved in the early stage of adipogenesis, while fatty 
acid synthesis and trans-membrane activities are more active in the middle and the 
terminal stage of differentiation. 
2. There might be species differences and lineage differences in the expression prolife 
of adipogenesis-related genes. 
3. Cattle with a low or high US/S in fat might be identified before slaughter by 
measuring the effect of live bovine plasma on gene expression in BIP cells as well as 
the plasma NEFA level. 
4. Cattle with a low or high BMS in intramuscular fat might be predicted prior to 
slaughter by examining the effect of live bovine plasma on gene expression in BIP cells 
as well as the plasma NEFA level 
5. The access to decreasing plasma NEFA concentrations could contribute to produce 
high quality beef.  
 
108
 8 
 
 
 
 
 
 
 
 
 
Fig.1 Morphology of bovine intramuscular preadipocytes (BIP) cells from Japanese 
Black Cattle  
Bar: 10 μm; 50 μm 
 
 
 
 
 
 
 
 
 
 
Fig.2 Expression of transcription factors in BIP cells treated with differentiation 
medium containing 5% plasma sample taken at slaughter & 5% FBS during 
adipgenensis   
○: growth medium; ●: differentiation medium; a-d Means without a common letter differ (P < 0.05) 
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Fig.3 Expression of genes involved in fat synthesis in BIP cells treated with 
differentiation medium containing 5% plasma sample taken at slaughter & 5% FBS 
during adipgenensis 
○: growth medium; ●: differentiation medium; a-d Means without a common letter differ (P < 0.05) 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Expression of genes involved in fatty acid transport in BIP cells treated with 
differentiation medium containing 5% plasma sample taken at slaughter & 5% FBS 
during adipgenensis 
○: growth medium; ●: differentiation medium; a-d Means without a common letter differ (P < 0.05)
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Table1 Results of plasma NEFA concentration & the ratio of unsaturated fatty acids in diaphragm fat at slaughter 
Note: US/S: [C14:1+ C16:1+ C18:1]/ [C14:0+ C16:0+ C18:0] 
1 steer 30.50 1.03 0.84 34 heifer 30.60 1.59 0.40
2 steer 29.80 1.10 0.35 35 steer 30.60 1.61 0.58
3 heifer 30.80 1.11 0.58 36 heifer 30.50 1.61 0.41
4 heifer 29.90 1.17 0.53 37 heifer 32.30 1.62 0.41
5 steer 32.30 1.18 0.89 38 heifer 30.40 1.63 0.53
6 heifer 30.40 1.18 0.59 39 heifer 30.80 1.65 0.41
7 heifer 30.40 1.23 0.61 40 heifer 30.10 1.66 0.27
8 heifer 31.00 1.26 0.40 41 heifer 30.70 1.66 0.49
9 heifer 30.40 1.26 0.78 42 heifer 30.10 1.66 0.39
10 heifer 30.70 1.27 0.87 43 heifer 30.80 1.68 0.54
11 heifer 26.30 1.28 0.39 44 steer 30.90 1.72 0.49
12 steer 30.60 1.30 0.83 45 heifer 29.70 1.73 0.59
13 heifer 30.10 1.30 0.75 46 heifer 29.90 1.75 0.84
14 heifer 30.50 1.31 0.38 47 steer 29.30 1.76 0.71
15 steer 32.80 1.31 0.36 48 heifer 29.40 1.77 0.67
16 steer 31.40 1.36 0.79 49 heifer 30.00 1.81 0.37
17 heifer 30.20 1.36 0.66 50 heifer 30.80 1.82 0.78
18 heifer 31.10 1.38 0.43 51 heifer 31.00 1.83 0.62
19 heifer 29.90 1.38 0.64 52 heifer 30.20 1.84 0.20
20 heifer 31.10 1.39 0.34 53 heifer 30.00 1.84 0.67
21 heifer 29.50 1.41 0.60 54 heifer 30.20 1.86 0.26
22 heifer 30.20 1.41 0.51 55 heifer 30.70 1.87 0.58
23 steer 32.90 1.45 0.65 56 heifer 30.00 1.88 0.60
24 heifer 30.70 1.45 0.43 57 heifer 30.90 1.89 0.44
25 heifer 29.90 1.47 0.53 58 heifer 30.70 1.89 0.51
26 heifer 30.60 1.48 0.60 59 heifer 31.60 1.96 0.46
27 heifer 30.30 1.48 0.58 60 heifer 29.90 1.98 0.57
28 steer 28.10 1.49 0.49 61 heifer 30.40 2.05 0.33
29 heifer 30.00 1.52 0.65 62 heifer 30.20 2.05 0.37
30 heifer 30.10 1.55 0.75 63 heifer 30.60 2.13 0.37
31 heifer 30.90 1.55 0.66 64 heifer 31.00 2.14 0.33
32 heifer 30.10 1.56 0.34 65 heifer 30.30 2.19 0.43
33 heifer 30.30 1.57 0.64 30.44 ± 0.92 1.58 ± 0.28 0.54± 0.17Mean±SD
No. Sex
Age
(month)
Diaphragmatic US/S Plasma NEFA (mEq/L) Plasma NEFA (mEq/L)No. Sex
Age
(month)
Diaphragmatic US/S
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Fig.5 Correlation between the proportion of unsaturated fatty acids (US/S) in the 
diaphragm & adipogenesis-related gene expressions in BIP cells stimulated by 5% 
bovine plasma taken at slaughter for 8 days 
*:p<0.05, **:p<0.01 
 
 
 
 
 
 
 
 
 
Fig.6 Expression of adipogenesis-related genes in BIP cells for the 12 or 6 samples with 
the lowest & highest diaphragmatic US/S at slaughter 
*:p<0.05, **:p<0.01 
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Fig.7 Correlation between US/S in the diaphragm & the concentration of plasma 
nonesterified fatty acid (NEFA) in the individual bovine plasma taken at slaughter 
*:p<0.05, **:p<0.01 
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Fig.8 The concentration of plasma NEFA in the individual bovine plasma for the 12 or 6 
samples with the lowest & highest diaphragmatic US/S at slaughter 
*:p<0.05, **:p<0.01 
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Table 2 Correlation analysis between US/S in the diaphragm at slaughter & expression 
levels of adipogenesis-related genes in BIP cells stimulated by 5% bovine plasma taken 
at slaughter for 8 days 
*:p<0.05, **:p<0.01 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3 Correlation analysis between diaphragmatic US/S at slaughter & individual 
fatty acid of bovine plasma samples taken at slaughter 
*:p<0.05, **:p<0.01
SCD PPAR-γ aP2 SREBP-1
US/S (N=12) 0.671* 0.557 0.584* 0.802**
US/S (N=24) 0.368 0.399 0.514* 0.583**
US/S (N=65) 0.061 0.056 0.058 0.019
 
Plasma fatty acid US/S (N=12) US/S (N=24) US/S (N=65)
NEFA -0.642* -0.558** -0.337**
C14:0 -0.644* -0.485* -0.307*
C14:1 -0.340 -0.209 -0.101
C15:0 -0.614 -0.502* -0.397**
C16:0 -0.749** -0.597** -0.382**
C16:1 -0.503 -0.331 -0.155
C17:0 -0.760** -0.614** -0.401**
C18:0 -0.800** -0.583** -0.439**
C18:1 -0.430 -0.375 -0.246*
C18:2 -0.426 -0.184 -0.170
C18:3 -0.486 -0.373 -0.249*
C19:0 -0.670* -0.547** -0.137
C20:0 -0.425 -0.367 -0.307*
C20:4 -0.689* -0.448* -0.302*
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Table 4 Results of plasma substance concentrations at 22 months and longissimus muscle parameters at slaughter 
Note: 1. a,b: p<0.05, A,B: p<0.01; 2. US/S: [C14:1+ C16:1+ C18:1]/ [C14:0+ C16:0+ C18:0]
NEFA (mEq/L) VA (IU/dL) Glucose (mg/dL) NEFA (mEq/L) VA (IU/dL) Glucose (mg/dL)
1 castrated 28.31 9 1.35 0.08 48.55 78 26 castrated 28.41 3 1.18 0.08 67.65 88
2 castrated 28.24 7 1.33 0.07 26.45 72 27 castrated 28.31 5 1.15 0.17 64.80 84
3 castrated 28.14 5 1.10 0.13 27.45 78 28 castrated 29.06 4 1.52 0.13 49.70 77
4 castrated 28.04 7 1.49 0.10 33.40 68 29 castrated 29.06 4 0.98 0.16 53.80 60
5 castrated 27.95 10 1.30 0.06 30.30 73 30 castrated 29.06 3 1.36 0.07 44.65 81
6 castrated 28.21 8 1.74 0.09 32.55 78 31 castrated 29.19 4 1.42 0.21 32.65 83
7 castrated 28.21 7 1.63 0.07 32.55 79 32 castrated 31.00 8 1.32 0.14 31.00 76
8 castrated 28.14 8 1.44 0.09 21.50 75 33 castrated 30.21 4 1.29 0.14 35.06 78
9 castrated 27.95 9 1.52 0.04 34.50 71 34 castrated 29.85 5 1.27 0.12 38.95 76
10 castrated 28.73 6 1.74 0.07 26.10 63 28.49 ± 0.91 5.91 ± 2.03 1.37 ± 0.18 0.103 ± 0.040a 37.70 ± 15.37A 72.85 ± 8.64
11 castrated 28.60 8 1.46 0.11 26.70 68
12 castrated 28.41 6 1.51 0.12 19.05 72 35 heifer 29.00 3 1.03 0.09 68.15 74
13 castrated 27.88 7 1.41 0.06 21.50 73 36 heifer 28.64 5 1.28 0.09 75.05 73
14 castrated 27.81 4 1.14 0.14 19.00 45 37 heifer 29.10 8 1.69 0.12 61.05 82
15 castrated 27.85 5 1.56 0.09 60.55 70 38 heifer 28.67 6 1.50 0.11 47.30 73
16 castrated 27.78 5 1.57 0.16 29.20 67 39 heifer 28.54 5 1.46 0.12 37.55 94
17 castrated 27.95 9 1.23 0.05 21.55 82 40 heifer 30.41 5 1.52 0.26 99.85 226
18 castrated 27.81 3 1.58 0.09 49.30 84 41 heifer 30.97 6 1.94 0.09 183.45 259
19 castrated 27.88 4 1.26 0.06 30.25 81 42 heifer 29.62 7 1.29 0.11 54.80 275
20 castrated 27.75 4 1.33 0.10 61.50 73 43 heifer 30.67 5 1.50 0.18 36.95 67
21 castrated 27.95 7 1.46 0.11 23.55 78 44 heifer 29.88 4 1.35 0.17 36.55 76
22 castrated 27.68 6 1.36 0.15 31.05 64 45 heifer 30.51 5 1.69 0.17 40.80 77
23 castrated 27.75 3 1.41 0.07 27.65 74 46 heifer 31.10 8 1.52 0.17 31.10 84
24 castrated 28.83 6 1.41 0.14 75.85 80 47 heifer 30.38 7 1.46 0.12 34.15 101
25 castrated 28.50 8 1.21 0.07 53.65 72 29.81 ± 0.93 5.69 ± 1.49 1.48 ± 0.22 0.139 ± 0.049b 62.06 ± 41.55B 120.08 ± 77.18
No.
Plasma substance level in 22-month cattle
No.
Plasma substance level in 22-month cattle
US/SSex
Age
(month)
BMS US/S
Mean±SD
Sex
Age
(month)
BMS
Mean±SD
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Fig.9 Correlation of beef marbling standard (BMS) in LTL muscle at slaughter with 
expression levels of adipogenesis-related genes in BIP cells treated with 22-month 
plasma 
*:p<0.05, **:p<0.01 
 
 
 
 
 
 
 
 
 
 
Fig.10 Correlation of US/S in LTL muscle at slaughter with expression levels of 
adipogenesis-related genes in BIP cells treated with 22-month plasma 
*:p<0.05, **:p<0.01 
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Table 5 Correlation analysis between individual fatty acid of LTL muscle at slaughter & 
expression levels of adipogenesis-related genes in BIP cells treated with 22-month 
plasma 
Note: 1. SFA: The sum of C14:0, C16:0 & C18:0; MUFA: The sum of C14:1, C16:1 & C18:1;  
2. *:p<0.05, **:p<0.01 
 
 
 
 
 
 
 
 
 
Fig.11 Correlation of plasma glucose level in 22-month cattle with expression levels of 
adipogenesis-related genes in BIP cells treated with 22-month plasma  
*:p<0.05, **:p<0.01 
Fatty acid (%)
Gene 
SCD aP2 SREBP-1 PPAR-γ
C14:0 -0.033 0.022 -0.147 -0.116
C14:1 0.094 0.226 0.406** 0.191
C16:0 -0.080 -0.113 -0.333* -0.201
C16:1 0.232 0.301* 0.376** 0.199
C18:0 -0.149 -0.230 -0.307* -0.128
C18:1 0.103 0.102 0.318* 0.171
C18:2 -0.353* -0.148 -0.374** -0.150
SFA1 -0.126 -0.177 -0.381** -0.207
MUFA1 0.166 0.196 0.427** 0.226
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Fig.12 Correlation of plasma NEFA level in 22-month cattle with expression levels of 
adipogenesis-related genes in BIP cells treated with 22-month plasma  
*:p<0.05, **:p<0.01 
 
 
 
 
 
 
 
 
 
 
Fig.13 Correlation of plasma VA level in 22-month cattle with expression levels of 
adipogenesis-related genes in BIP cells treated with 22-month plasma  
*:p<0.05, **:p<0.01 
Plasma VA level in 22 months (IU/dL)
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Fig.14 Correlation of BMS in LTL muscle at slaughter with the concentration of plasma 
substance in the individual samples from 22-months fattening cattle 
*:p<0.05, **:p<0.01 
 
 
 
 
 
 
 
 
 
 
Fig.15 Correlation of US/S in LTL muscle at slaughter with the concentration of plasma 
substance in the individual samples from 22-months fattening cattle 
*:p<0.05, **:p<0.01 
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Table 6 Correlation analysis between individual fatty acid of LTL muscle at slaughter & 
plasma substance concentration in 22-months fattening cattle 
Note: 1. SFA: The sum of C14:0, C16:0 & C18:0; MUFA: The sum of C14:1, C16:1 & C18:1; 
     2. * p<0.05, **:p<0.01 
 
 
 
 
 
 
 
 
 
 
Fig.16 Correlation among plasma substance concentration in 22-months fattening cattle 
*:p<0.05, **:p<0.01 
Fatty acid (%)
Plasma Component
NEFA (N= 47) VA (N= 47) Glucose (N= 47)
C14:0 0.109 -0.104 -0.231
C14:1 0.288* 0.118 0.231
C16:0 -0.034 -0.172 -0.296*
C16:1 0.395* 0.177 0.197
C18:0 -0.267 -0.246 -0.208
C18:1 -0.009 0.202 0.299*
C18:2 -0.091 0.024 -0.162
SFA1 -0.131 -0.241 -0.322*
MUFA1 0.142 0.242 0.345*
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学 位 論 文 
題 目 
Stimulatory effect of plasma samples from fattening cattle 
on adipogenesis-related gene expression in preadipocyte 
cells（黒毛和種牛肥育時血漿の脂肪分化関連遺伝子発現に与
える影響と出荷時肉質との関係解明） 
論	 文	 審	 査	 の	 結	 果	 の	 要	 旨 
	 筋肉内脂肪における不飽和脂肪酸割合は、食感やおいしさに関係
するため、牛肉生産において筋肉内脂肪の不飽和脂肪酸割合を高か
めることが重要である。しかしながら、屠殺前に不飽和脂肪酸割合
を測定する技術は確立されておらず、肥育中に個体の不飽和脂肪酸
割合の把握が困難なため、飼養管理による不飽和脂肪酸割合を向上
させる生産技術の確立へ繋がっていないのが現状であった。本研究
は、ウシ筋肉内脂肪前駆細胞株（BIP 細胞）における脂肪分化関連
遺伝子群 SCD, FASN, aP2, PPARγおよび SREBP-1 の発現に、黒
毛和種肥育牛血漿が与える影響を解析し、肥育中に筋肉内脂肪の不
飽和脂肪酸割合の予測が可能かどうかを検討した。 
	 屠殺時の横隔膜における不飽和脂肪酸割合と黒毛和種肥育牛血漿
で刺激した BIP 細胞における遺伝子発現に相関は認められなかっ
た。一方で、BIP 細胞への不飽和脂肪酸割合が高いウシ血漿の刺激
は、不飽和脂肪酸割合の低いウシ血漿による刺激よりも有意に SCD, 
aP2, PPARγおよび SREBP-1 mRNA 発現を誘導した。さらに、こ
れらの血漿 NEFA 濃度、特に血漿飽和脂肪酸濃度は、横隔膜におけ
る不飽和脂肪酸割合と負の相関があった。以上の結果より、黒毛和
種肥育牛血漿が BIP 細胞における遺伝子発現へ与える影響を解析
し、また血漿 NEFA 濃度およびその脂肪酸組成を分析することによ
り、屠殺前の肥育中に筋肉内脂肪の不飽和脂肪酸割合が高い個体ま
たは低い個体を予測することが可能となった。 
	 次に、黒毛和種牛の 22 ヶ月齢血漿がウシ筋肉内脂肪前駆細胞（BIP
細胞）における遺伝子発現に与える影響を解析し、出荷時の BMS 値
および脂肪酸不飽和度との関連性を解析した。BMS 値は、血漿刺激
による BIP 細胞の aP2、SREBP-1 および PPARγ発現と正の相関が
確認され、血漿中 NEFA 濃度とは負の相関があることが判明した。
また、血漿中の NEFA 濃度およびビタミン A 濃度は、血漿刺激によ
る BIP 細胞の aP2 および PPARγ発現と負の相関があることが確認
された。よって、黒毛和種牛の 22 ヶ月齢血漿を用いて BIP 細胞の遺
伝子発現に及ぼす影響を解析することによって BMS 値予測が可能
であることが確認された。加えて、血漿中の NEFA 濃度およびビタ
ミン A 濃度を測定することにより、BIP 細胞の脂肪分化関連遺伝子
の発現に及ぼす影響を予測することが可能となり、肥育 22 カ月以降
の飼育管理方法へ応用できることが世界で始めて明らかにされた。 
	 本研究は、脂肪交雑度および脂肪酸不飽和度は肉質を判断する上
で重要な因子であり、それらの度合を肥育過程で判定することを可
能としたことより、飼育管理による脂肪交雑制御技術の開発などの
研究に多大な貢献をもたらすことが大いに期待される研究であるこ
とを高く評価し、審査員一同は、本研究成果が博士(農学)の学位を授
与するに値する研究であると認定した。  
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